Males of most anuran species vocalize, defend and maintain their territories (Wells, 1997) by acoustic communication. Calls play an important role in anuran communications, and particularly in male-male acoustic competition and female choice (Bastos and Haddad, 2002) . In many species of frogs, males fight for receptive females, territories or other resources (Gerhardt et al., 2000; Tarano, 2001; Bastos and Haddad, 2002) . Moreover, male frogs maintain spatial separation between each other through vocalization (Ribeiro Matos and Hass, 2000; Rand and Drewry, 1994) . In addition to the vocalization, many diurnal and few nocturnal species of anurans use visual display patterns during intra-specific communication during both agonistic and courtship interactions (Haddad and Giaretta, 1999; Hödl and Amezquita, 2001; Hartmann et al., 2004) . Courtships of nocturnal Hylids from Brazil have been reported to involve stereotyped behavioral sequences with vocalisation and visual displays (Hartmann et al., 2004; Abrunhosa and Wogel, 2004) . Males have been reported to use inflated vocal sac with conspicuous pigmentation (Rosenthal et al., 2004) and various body postures (Linquist and Hetherington, 1996) for female attraction. However, visual displays involving the limb signalling has been reported as the most distinctive anuran visual display (Pombal et al., 1994; Halloy and Espinoza, 1999-2000) . The use of foot signals has been reported for various genera including Ranids (e.g., Micrixalus fuscus from the Western Ghats: Vasudevan, 2001 ; Hylodes aspera from Brazil: Haddad and Giaretta, 1999; Phyllomedusa sauvagii from Argentina: Halloy and Espinoza, 1999-2000) . In some species, females also exhibit calling activities during the breeding season (Schlaepfer, and FigeroaSandi, 1998; Tobias et al., 1998; Krishna and Krishna, 2005) . Females engage in mate quality recognition because of direct fitness benefits, which increases the reproductive output, survival and fecundity (Doty and Welch, 2001) . Acoustic call characteristics are also known to vary among species and populations (McClelland et al., 1996) .
Micrixalus saxicolus is a small (25-30 mm SVL) black torrent frog (Anura: Ranidae) endemic to two south Indian states, Kerala and Karnataka (Daniels, 1992; Dutta, 1992) . The frog inhabits a few hill streams characterized by low water temperature, low light penetration and canopy cover (Reddy et al., 2002) . The habit of M. saxicolus is unique among the Western-Ghats frogs in that individuals are diurnal and are often found attached to vertical surfaces of wet rocks in fast flowing streams. Although this species is locally abundant, natural history information is scarce. In this paper, we report the visual and calling behaviour of Micrixalus saxicolus (stream frog) in the tropical rain forests of the Western Ghats. annual precipitation of 5500 mm giving rise to numerous west flowing torrential streams. M. saxicolus call mainly during the monsoon rainy season (June to November), when the streams flow in full spate. In order to record the breeding and territorial behaviours, we visited the study area every week during the monsoon and post monsoon season (June to November) and fortnightly in the dry season (December to May). Each visit consisted of two to three days of study, for a total of 348 hours in 87 days. Although, individuals of this species were found to begin emitting irregular calls from 0800 h to 1750 h, the peak calling activity period was from 1000 h to 1600 h. Therefore, all the observations were made between 1100 h and 1500 h.
In order to characterize the call structure and variations, calls were recorded using an AIWA HS-JS315 cassette tape recorder with automatic recording level, with an AIWA HS-JS315 directional microphone. The microphone was placed within a distance of 15 cm from calling males. At the time of recording in the breeding season, water temperature was about 19 • C, air temperature was about 22 • C, and atmospheric relative humidity was about 80%. At the time of recording in the non-breeding season (October to December), water temperature was about 20 • C, air temperature ranged from 23 to 25 • C, and atmospheric relative humidity was about 65%.
Calls were digitised and analysed using software Spectra Plus 3.0a, Fast Fourier transforms (FFT) at a width of 512 points, 16-bit resolution and a sampling frequency of 44.1 KHz. Spectrograms of typical calls of Micrixalus saxicolus were obtained with Raven 1.1 software with Hanning filter type at 512 sample window size, 3 dB bandwidth of 124 Hz, grid spacing 121 samples, overlap 76.4% at a sampling frequency of 86.1 Hz. Vouchers were deposited in the Fonoteca Zoológica (www.fonozoo.com), the animal sound library of the Museo Nacional de Ciencias Naturales, CSIC, Madrid, Spain. Statistical analyses were done using the SPSS programme.
The breeding season (July and October) coincided with the monsoon rains. Calling males were found either on the tips of rocks in the splash zones of small waterfalls or attached to the rock surface at heights ranging from 2 cm to 8 cm above the water level. Males have a single subgular vocal sac and emitted calls with a series of 8-14 pulse groups/call. Calls were audible to humans from a distance of 10-14 m. In 8 of 10 cases, males occupied the highest point on a rock and called for 3 to 8 min. The calling males then moved 1 to 1.5 cm on the same rock and changed the angle of their calling posture by 90
• or 180 • (measured by the position of snout) and continued to call. Females did not exhibit any vocal interactions. Aggressive behaviour was observed among the resident males when an intruder entered their territories. Of 32 agonistic interactions observed in the field, 85% of the times (28 of 32 observations), resident males stopped the emission of advertisement calls. When a resident male noticed the presence of an intruder, they switched to short calls and increased the calling rate. In the presence of an intruder the mean calling rate was 28.9 ± 3.8/min (range: 21-34/min; n = 30), which was significantly higher (mean ± SE = 13.63 ± 1.97/min; range: 11-17/min; n = 30) than in the absence of an intruder (t 58 = 19.529; P < 0.0001). In all the agonistic encounters observed, resident males moved toward the intruder and displayed visual signals. When an intruder male approached (range: 2-30 cm), the resident male became very active, moved from the primary position and sat facing the eye of the intruder and emitted short calls. The calling males would then raise one hind limb approximately at 70
• from the surface of the rock, maintaining the body stationary and expose silvery bluish-black webs, the display of "footflagging". Each time they stretched the leg to complete length and held it posteriorly upright for 20 to 30 seconds before resting and lifting the other. Both left and right legs appeared to be used with similar frequency and regular alternation. The legs were then brought back to along side of the body. Intruders faced by the foot flagging often did not retreat immediately. Although none of the encounters involved physical contact between the resident and intruder, in 8 out of 18 times when the resident male was smaller in size than the intruder, the resident male jumped at once on the head of the intruder and landed on to the adjacent rock. After several such displaying efforts made by the resident, 86.7% of the time intruder fled the area (n = 30 observations). When more than one intruder approached a calling resident male from different sides (n = 18 observations), the resident male stopped advertising and switched to short irregular calls. The resident male then first approached the nearest intruder and began foot flagging. Once the resident male succeeded in
